A toxin was detected within 2 hr. When applied to experimentally contaminated foods such as canned tuna, pumpkin, spinach, green beans, and sausage, the technique detected botulinum toxin rapidly and identified it as to type and quantity. A specific rabbit type A antitoxin was produced for this in vitro system since the equine antitoxin (Center for Disease Control) tested in this experiment was found to be unsuitable.
The presently accepted standard procedure for detection of botulinum toxins in foods, gastric contents, or blood serum is the mouse protection test. Death of unprotected mice and survival of mice protected by specific antitoxin constitute a positive test for the presence of the botulinum toxin (5) . However, the test is found to be imperfect for the examination of foods, since nonspecific deaths occur from the presence of toxic amines and ammonia produced in foods as a result of microbial degradation (4) . Also, the mouse bioassay should be improved upon since the length of time required to obtain results may extend from 10 to 24 hr.
The fluorescent-antibody technique has been employed by several investigators (2, 9, 11) to detect and differentiate spores and intact cells, but this method is of little value in detection of the soluble toxin which may remain long after the germination or disintegration of the spores or autolysis of the cells. Passive hemagglutination (7) and immunodiffusion (1, 10) Corvallis, 1970) . The latter purification method separates the toxin isolate into at least four discrete migrating bands which can be easily stained by Coomassie Brilliant Blue R 250. One of these independent migrating bands in the unstained gel which exhibited a toxicity of 3.8 X 106 LD50 per ml of eluate was used for the immunization of rabbits.
Antitoxin preparation. The polyacrylamide gel containing the toxic band was sectioned into three equal pieces (4 mm in width, 25 mm in length). A small volume (0.5 ml) of gelatin phosphate buffer was added, and the gel was macerated. Equal volumes of saline and Freund complete adjuvant were added to each sample to effect a final volume of 10 ml. After base bleedings, three rabbits were injected intramuscularly and subcutaneously with 1-ml volumes of 126 on October 28, 2017 by guest http://iai.asm.org/ Downloaded from TYPE A BOTULINUM TOXIN the emulsion on days 1, 14, and 43. Pooled antitoxin obtained 2 and 3 weeks subsequent to the final toxin injection was tested for its specificity by immunodiffusion and immunoelectrophoresis and for its neutralizing capacity by the mouse protection test.
Types A and B equine antitoxin obtained from the Center for Disease Control, Atlanta, Ga., were also used in this study. Each equine antitoxin is standardized to contain 10 international units/ml.
For electroimmunodiffusion, sera were dialyzed against a 0.025-A barbital buffer (pH 8. Immunodiffusion conducted to test the rabbit antitoxin for cross-reactivity with toxin types other than A showed the rabbit antitoxin to be specific for type A botulinum toxin, since no precipitin arcs denoting cross-reactivity were observed between the rabbit antitoxin and culture supernatant fluids of C. botulinwn types B, C, E, or F (Fig. 1) . Immunoelectrophoresis conducted by electrophoresing crude culture supernatant fluids of C. botulinum 78A in flat polyacrylamide gel and overlayering the acrylamide with lonagar (Oxoid) containing the rabbit antitoxin showed only one precipitin arc which corresponded to the protein band previously shown to have a toxicity of 3.8 X 101 LD50 per ml of eluate.
Although neutralization tests conducted with mice confirmed the neutralizing specificity of the equine antitoxins (equine type A antitoxin was effective in neutralizing only type A toxin, whereas equine type B antitoxin neutralized only type B toxin), results of the in vitro immunodiffusion and immunoelectrophoresis tests with the crude culture supernatant fluids of C. botu. linwn 78A and the equine anitoxins were less satisfactory. No precipitin arcs or one faint disappearing arc occurred with the equine type A antitoxin, whereas at least two and sometimes three arcs occurred between the C. botulinwn 78A crude culture supernatant fluid and the equine type B antitoxin. Because of the nonspecific results of these studies, the equine antitoxins were determined to be unsatisfactory for use in the electroimmunodiffusion toxin detection study.
Electroimmunodiffusion. Well-defined precipitin cones of specific length were obtained when experimental samples containing varied amounts of 78A toxin were electrophoresed into the antitoxin-containing agarose (Fig. 2) . As shown in Fig. 3 
,ht contained (Fig. 4) . It is certain that an increase in sensitivity can be obtained by selection of a specific and higher titered antitoxin, since an analysis of the independent sera composing the pooled rabbit antitoxin showed that one serum detected as little as 0.7 LD50 per 5 ,uliters (14 mouse LD60/0.1 ml).
A preliminary investigation of the applicability of electroimmunodiffusion for detection ofType A I botulinum toxin in foods indicates that food components do not interfere with the formation of the precipitin cones and therefore with detection of the toxin. Low levels of type A botulinum toxin (Table 1) were detected in the unconcentrated supernatant fluids of foods to which the toxin had been added. The toxin was easily detected in such foods as sausage, canned tuna, pumpkin, green beans, and spinach. DISCUSSION The technique of electroimmunodiffusion discussed in this investigation has proven itself to be of value in the detection and quantitative estimation of botulinum type A toxin in foods as well as in the experimental system. The procedure is simple since no tedious, time-consuming preparation of reagents is necessary, and the method is also rapid since time of detection need not require more than 2 hr, including actual preparation and electrophoresis time.
The system was also found to be extremely sensitive; 0.7 LD50 (14 LD50 per 0.1 ml) was detected in the experimental system. Toxin was also detected in the unconcentrated supernant fluids of foods contaminated experimentally with low levels of botulinum toxin.
The sensitivity was found to be primarily a function of the antitoxin concentration in the agarose medium, since minimal antibody concentration allowed for increased migration of the toxin. This point becomes of great importance when minute amounts of the toxin are to be detected. If antibody concentration is kept high, the result is precipitation of the toxin before it will migrate and no visible precipitin cone will appear. However, reduction of the antitoxin below the optimal level will also result in no visible precipitation. Therefore, some preliminary investigations must be conducted with the antitoxin to determine an optimal reaction concentration.
As can be concluded from the foregoing discussion, the sensitivity of electroimmunodiffusion is dependent upon the antiserum used in the system. For this reason, a monospecific antitoxin was prepared in rabbits because existing equine sera were found to be unsatisfactory as precipitating agents. The equine antitoxins presently available have been prepared primarily for in vivo neutralization experiments and unfortunately do not seem to be suitable for this in vitro serological system. The unsuitability of the equine types A and B antitoxins (Center for Disease Control) for other in vitro serological experiments has also been observed previously (7) .
Research on the standarization of the technique and its applicability to botulinum toxins type B, C, D, E, and F is in progress in our laboratories.
